Summary Previous studies have shown that the presence of epidermal growth factor (EGF) after irradiation enhanced the radiosensitivity of CaSki cells. To examine the role of EGF receptor density and related growth response in EGF associated radiosensitisation, four human squamous carcinoma cell lines were used. The total number of EGF receptors for HN5, A431, CaSki, and SiHa cells is 5.2 x 106, 1.6 x 106, 7.9 x iOs and 1.1 x i0 respectively, and the dissociation constant (Kd) for low affinity EGF receptors is 11.8, 3.8, 1.7 and 0.8 nM respectively. The Kd for high affinity receptors differs slightly among the four cell lines, 0.09 to 0.21 nM. EGF inhibited the growth of A431, CaSki, and HN5 cells, but stimulated the growth of SiHa cells. Due to the presence of 10 ng ml-EGF after irradiation, radiosensitivity enhancement associated with reduced shoulder size of the survival curve was observed. The extent of sensitisation was similar for A431, CaSki, and HN5 cells, with no effect on SiHa cells. At this concentration, EGF present during the clonogenic assay period after irradiation also reduced the plating efficiency (PE) of the monolayer cultures of A431, CaSki, and HN5 cells, but increased that of SiHa cells.
Summary Previous studies have shown that the presence of epidermal growth factor (EGF) after irradiation enhanced the radiosensitivity of CaSki cells. To examine the role of EGF receptor density and related growth response in EGF associated radiosensitisation, four human squamous carcinoma cell lines were used. The total number of EGF receptors for HN5, A431, CaSki, and SiHa cells is 5.2 x 106, 1.6 x 106, 7.9 x iOs and 1.1 x i0 respectively, and the dissociation constant (Kd) for low affinity EGF receptors is 11.8, 3.8, 1.7 and 0.8 nM respectively. The Kd for high affinity receptors differs slightly among the four cell lines, 0.09 to 0.21 nM. EGF inhibited the growth of A431, CaSki, and HN5 cells, but stimulated the growth of SiHa cells. Due to the presence of 10 ng ml-EGF after irradiation, radiosensitivity enhancement associated with reduced shoulder size of the survival curve was observed. The extent of sensitisation was similar for A431, CaSki, and HN5 cells, with no effect on SiHa cells. At this concentration, EGF present during the clonogenic assay period after irradiation also reduced the plating efficiency (PE) The results from the conditioned cells support the hypothesis that EGF related radiosensitisation is EGF receptor density dependent.
Epidermal growth factor (EGF) induces a variety of changes in cellular metabolism ranging from cell growth to macromolecular synthesis (Carpenter & Cohen, 1979; Carpenter, 1985) . The signal transduction process involves binding to a specific transmembrane receptor, internalisation of the receptor complex, activation of various kinds of kinases, changes in phospho-inositol and calcium levels, and activation of c-myc and c-fos oncogene (Carpenter, 1987; Pandiella et al., 1989; Carpenter & Cohen, 1990) . Although EGF did not modify the response of a number of cell lines to anticancer agents such as Adriamycin (Singletary et al., 1987) , our previous reports indicated that EGF present after irradiation enhanced the radiosensitivity and modified the radioresistance related to cell-cell interactions of a human squamous cell carcinoma (SCC) cell line, CaSki (Kwok & Sutherland, 1989 . Furthermore, radiosensitisation was also observed when using an EGF-like growth factor, transforming growth factor a (Kwok & Sutherland, unpublished results (Kwok & Sutherland, 1989) . Between 200 and 10,000 cells were plated in each dish; the number of cells plated appeared not to alter the EGF effect on radiosensitivity of the four cell lines. At the beginning of a clonogenic assay, various amounts of murine EGF (culture grade, Collaborative Research, Inc., Bedford, MA) were added. At the end of incubation, colonies of more than 50 cells were scored.
For growth studies, 5 x 104 cells in 5 ml of medium were seeded in a 60 mm Petri dish. At the same time, various amounts of EGF, ranging from 1 to 50 ng ml-', were added. Medium, if applicable, together with EGF, was changed daily beginning on day 3. The total number of cells at day 6 was counted on a hemocytometer.
EGF conditioned A431 cells
The EGF conditioned cells were developed by growing A431 cells in 50 ng ml-' EGF continuously for 10 weeks. Cells were subcultured once a week during this 10 week period. To set up a radiation response experiment, 5 x 10' cells were grown for 2 days without EGF. After irradiation, the cells were trypsinised and assayed for clonogenic surviving fraction in the presence or absence of 50 ng ml-' EGF. Prior to the measurement of cell growth and EGF receptor density, conditioned cells were grown in medium without EGF for 2 days.
Mouse 3T3 cells Cells were grown in basal minimum essential medium supplemented with 10% FBS. For radiation response studies, 105 (Scatchard, 1949) .
Results
Epidermal growth factor significantly inhibited the growth of HN5 cells, slightly inhibited the growth of A431 and CaSki cells, and stimulated the growth of SiHa cells (Figures 1 and  2 ). The PE of A431, CaSki, and HN5 cells was reduced by almost 50% in the present of 10 ng ml-' EGF; however, a 30% increase in PE was seen for SiHa cells (Table II) 1 (Table III) . The radiation dose response curves for these four cell lines are shown in Figure 4 . The presence of 10 ng ml-' EGF after irradiation enhanced radiosensitivity, associated with reduced shoulder region of the cell survival curves, of A43 1, CaSki, and HN5 cells, and there was no change for SiHa cells. However, EGF present only for 48 h before and during irradiation did not have any effect on the radiosensitivity of cells (Kwok & Sutherland, unpublished results) . The maximum EGF effect on radiosensitivity enhancement was achieved by 10 ng ml-' (Figure 5 ). Mouse 3T3 cells that had a low number of EGF receptors ( < 5,000 per cell) were also examined. EGF at 10ngml-' stimulated the growth but did not affect the PE and radiation response of this cell line (Table   IV) 
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The radiation response and the growth of conditioned A431 cells are similar to those of the parental cells. EGF at 50 ng ml-' increased the radiation response but did not suppress the growth and PE of conditioned cells (Table V) . The radiosensitivity enhancement by EGF, the dissociation constants (Kd), and the numbers of the high and the low affinity EGF receptor binding site for the conditioned and the parental A431 cells are similar. The number of the high and the low affinity binding sites per conditioned A43 1 cell is 1.5 x 105, and 1.4 x 106, and the Kd is 0.13 and 3.82nM A correlation between the levels of EGF related sensitisation and the number of high affinity EGF receptors suggests that the high affinity receptors may be important in growth factor related radiosensitisation. The number and the binding affinity of the low affinity receptor differ greatly among the four SCC lines. Although the affinity of the high affinity receptors is similar among the four SCC lines, the number of high affinity receptors for A431, CaSki, and HN5 cells is similar but is about five times greater than SiHa cells. The levels of sensitisation by EGF in A431, CaSki, and HN5 cells is similar and the n value ratio is about 2; the n value ratio is the ratio between the n value of the radiation dose response curve for the control and EGF treated cultures (Table VI) .
Lack of radiosensitisation by EGF was demonstrated in human breast carcinoma cells, MDA-468, which expressed a high number of receptors, and its S5 varient, which had a low number of receptors. The n value of the cell lines was about 1. (Schlappack & Hill, 1990) . In the present study, the n values of cell lines demonstrated sensitisation were much greater than 1 (3.6 to 14.5). Therefore, in addition to EGF receptor density, the size of the shoulder may also be important in determining EGF related radiosensitisation. Radiosensitivity enhancement associated with EGF does not appear to be related to EGF related growth effects. Enhancement in radiosensitivity is seen in cell lines in which growth is inhibited by EGF (A431, CaSki, HN5), but no enhancement is observed if cell growth is stimulated (SiHa, 3T3). However, the extent of growth inhibition by EGF for A431, CaSki, and HN5 cells differs whereas the n value ratio of all three cell lines is about the same (2.0) (Table VI) . EGF associated radiosensitivity enhancement is maximum by 10 ng ml-', whereas the EGF dose for maximal growth inhibition varies from cell line to cell line. The level of EGF related radiosensitisation is similar between the parental and the conditioned A43 1 cells. However, the growth of the parental cell is inhibited by EGF but that of the conditioned cells is not. It appears, therefore, that EGF related growth inhibition is probably not the major determinant in EGF related radiosensitisiation. EGF sensitises the radiation response and at the same time reduces the PE of the same cell lines. It is possible that the clones surviving EGF treatment may be more radiosensitive than the clones suppressed by EGF. The radiosensitisation effect of EGF may simply be a result of PE reduction. EGF reduced the PE of the parental A431 cell but did not affect the PE of the conditioned cells. However, the cellular radiosensitivity and the level of EGF related sensitisation of both sublines is similar, suggesting that the sensitisation effect of EGF on radiation response is not a result of PE reduction by the growth factor.
Higher densities of EGF receptor are generally correlated with inhibition of growth by EGF (Kamata et al., 1986) . This correlation can be seen among the four human SCC cell lines but is contradicted by the results for the conditioned A43 1 cells. Although the assumption that EGF receptor density correlates with growth inhibition is generally true, an exception was reported for several sublines of A431 cells selected in EGF after treatment with N-methyl-N'-nitronitrosoguandine (Lifshitz et al., 1983) .
Relative to normal cells, higher numbers of EGF receptors were measured in a range of human cancer tissues, particularly squamous cell carcinoma (Gusterson et al., 1985; Gullick et al., 1986; Ozawa et al., 1987; Nicholson et al., 1988) . The dependence on EGF receptor numbers of EGF related radiosensitisation may produce less normal tissue toxicity and make EGF more relatively effective in cancer radiotherapy.
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